Without aerosol, we have no clouds. Among the most important climate component clouds play a distinguish role on climate but still not fully studied, we present here the data analysis of the clouds optical depth (COD) collected by AERONET network (http://aeronet.gsfc.nasa.gov/) from ten stations distributed around the equator (ARM-Darwin, Bac-lieu, CRPSM-Malindi, Guadeloup, Houston, La-Parguera, Manus, Nauru, Rio-Branco, Songkhla). Occurrence frequencies of clouds are in direct relation with the frequencies of registered cloud optical depth. The characterization of these allows best understanding of their implication on regional and then on global radiation budget.
Introduction
The role of clouds on the atmospheric evolution is still not very clear and remains a major cause of uncertainty in quantifying hydrological cycle and climate change.The climate system is sensitive to all physical or chemical factors influencing the radiative properties of clouds. These factors include depht of the cloud and therefore its optical thickness . Microphysical characteristics as the cloud droplet effective radius are fundamental for understanding cloud formation and evolution [13] .
Aerosols serve as condensation nuclei for cloud droplets,thus, aerosols has two major effects on cloud properties, first the increased number of nuclei results in a larger number of smaller cloud droplets,leading to the increase of the cloud brightness (Twomey effect); and second the smaller droplets tend to inhibit rainfall, then increasing both cloud lifetime and the average cloud cover on Earth. These two effects reduce the amount of sunlight absorbed by the Earth and tend to cause global cooling.
Clouds have a strong modulating influence on the global energy budget. There is a general agreement that the annual global mean effect of clouds is to cool the climate system, but there is a significant disagreement on the magnitude, which exceeds 10 W/m 2 [1] . To improve such estimates, the cloud cover fraction, cloud type and the cloud top height have to be known more accurately. The role of the atmospheric particles in cloud droplets formation is the objective of numerous works and projects, from the experimental and numerical point of view [2] .
By acting as cloud condensation nuclei (CCN), aerosol particle define the optical properties and life cycle of clouds [5] . This called indirect effect of aerosols has a confirmed impact on atmospheric energy balance and may play an important role in a global aerosol radiative forcing (IPCC 2014 ).
This study is based on analysis of the optical properties of atmospheric aerosols using a year available AERONET data, over ten sites that have continuous and representative measurements. We focus our work on cloud and aerosol optical thicknesses, specially their monthly mean values which characterize every site.
Other key parameter we studied here is the aerosol particle size distribution APSD determined from the registered spectral AOD and sky brightness measurements. The monthly mean volume APSD variations at the studied sites are analyzed; their statistical characteristics are of course linked to cloud formation and evolution.
Climate characteristics
The equatorial climate is a type of tropical climate of the hot zone. It concerns the regions near the equator which are dominated by the intertropical convergence zone (ITCZ). It is characterized by a single season, heavy rainfall whose intensity maximums are the equinoxes, and a strong almost constant heat throughout the year. Tropical storms are formed as a result of the onset of tropical depression formed around the low pressure zone. Trade parallel winds converge and can be observed along the equator where the Coriolis Effect is also weakest. There are basically two types of trade winds, the north-east and the south-east blowing towards the equator. The equatorial climate is characterized by humid forests of the equatorial belt, very small annual temperature fluctuations (24°-28°C at sea level) and abundant precipitations (1500-5000mm a year) which occurs more or less evenly throughout the year. The reason for this is due to regular climate feedback processes between low convection pressure resulting from the high altitude of the sun and high humidity levels with rainfall and interception of soil with dense vegetation cover leading to high sweating Earth. 
Sites and instrumentation
The studied sites are distributed at the equatorial zone (Table 1) . AERONET data provides globally distributed observations of spectral aerosol optical depths, inversion products as optical parameters, APSD and precipitable water in geographically diverse aerosol regimes. CIMEL sun/sky radiometers takes measurements of the direct sun and diffuse sky radiances at eight spectral channels within the range from 0.34 to 1.02μm. Sky measurements are performed at 0.44, 0.67, 0.87 and 1.64μm wavelengths through a large range of scattering angles distributed in Almucantar plan, using a constant aerosol profile to retrieve size distribution, and AOD (Holben et al., 1998). The uncertainty in retrieval of AOD under cloud free conditions is < ± 0.01 for λ>440nm and < ± 0.02 for shorter wavelengths. Three levels of data are available: Level 1.0 (unscreened), Level 1.5 (cloud-screened), and Level 2.0 (Cloud -screened and quality-assured) with Standardization of instruments, calibration, and processing. A sample of view of instruments relative to Nauru is given ( Figure 1 ). 
Cloud results

Cloud types
Clouds are created when moist air cools beyond its dew point temperature and the excess water vapor condenses. There are two main ways to cool air to bring about condensation, radiative cooling and adiabatic expansion as a result of vertical motion. The various causes of vertical motion include; lifting of air over mountains, convection caused by the sun's unequal heating at the earth's surface, convergence of air flow, and frontal ascent or advection. Clouds dissipate either when air is heated above its dew point, or if the moisture falls out as precipitation. Table 1 . Location characteristics of the selected stations
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The macro physical requirements for cloud formation are known and clouds are classed versus their optical depth (Table 2 ).
Cloud optical depth COD
The spectral extinction of radiation by the cloud is given by (Seinfeld and Pandis, 1997) [10] , [14] .
(1)
Where n(r) is a droplet number concentration distribution and Qext the extinction efficiency for a water droplet. The COD is the product (λ):
Where h is the depth of a spatially uniform cloud. In addition to the effective drop radius [7] [8], the optical depth of a cloud is the most important parameter that characterize clouds and can determine their occurrence versus their type. The ground based atmospheric radiation measurements given by AERONET provides also retrievals of COD for some sites including those of this study. (Fig 4(b) ). 
Occurrence frequencies of COD
The cloud optical depth is a quantity that reflects the importance of the interaction of radiation with this cloud. It depends on cloud geometric depth, its particle concentration and ability of the particles to interact with the radiation. More the optical depth is large and the amount of radiation interacting with cloud is important. The COD occurrence frequencies are representative of cloud occurrence frequencies. Histograms ( Figure 5) shows that the equatorial zone may be characterized by three types of clouds corresponding to low COD (< 2-8), medium (9-19) and high (20-100) .We observe a dominance of high densities(more than 45%) for all sites . Low density clouds are less frequents.
The dominance of dense clouds (20 ≤ τc ≤ 100) such as stratus and altostratus that qualifies equatorial climate is confirmed.
Aerosol results
Aerosol optical depth AOD
Particles in the atmosphere (dust, smoke, pollution) can interact with sunlight by absorbing or by scattering light. AOD tell us how much direct sunlight is prevented from reaching the ground by these aerosol particles. It is a dimensionless number that is related to the amount of aerosol in the vertical column of atmosphere over the observation location.
The aerosol optical depth (τa) is defined as the integrated aerosol extinction coefficient over a vertical column of unit cross section.
τa is deduced from the total optical depth τ(λ) that represents the contribution of all the observed attenuation of solar radiation. (3) where τR(λ) is the optical depth due to Rayleigh interactions and τg(λ) optical depth interactions with atmospheric gases.Aerosol optical depth is basically characterizing the transparency of the atmosphere. The larger the AOD at a particular wavelength, the less light of that wavelength reaches Earth's surface. This information allows the determination of the particles species concentration, size distributions, and variability of aerosols in the atmosphere.
The monthly mean of AOD (figure 6) is characterized by low values throughout the year for the Nauru site due to the fact that wind speed is not very high and other types of aerosol advections from different sources in the atmosphere are very low. We can note the same observations for ARM-Darwin, Bac lieu, and CRPSM Malindi. At Guadeloup and La parguera we observe a consistent growth at low wavelengths and particularly on summer. A strong seasonal pattern is clearly shown in the matched AOD data with higher AOD values in spring and winter and lower values in autumn and summer for Manus, Songkhla and Rio-branco.
Aerosol particle size distribution
Among microphysical aerosol known parameters [8] Columnar aerosol particle size distributions have been inferred by numerically inverting spectral aerosol optical depth measurements as a Fredholm equation system [4] [6] and are determined for several different climate regions over the world particularly close desert area [7] [11] [15] . An inversion formula which explicitly includes the magnitude of the measurement variances is derived and applied to optical depth measurements obtained with a solar radiometer and gives the columnar number particle size distribution. n(rp) from which we can deduce the columnar volume distribution dV(r)/dlnr .
(4)
Where n0 is total number of particles and rp, and are respectively the particle radius and median radius, σ is a standard deviation. Monthly means of APSD ( Figure 7 ) obtained for a sample of sites (Manus and Bac-lieu) show clearly the dominance of the coarse mode with a mean radius below 6µm except for La parguera where the influence of anthropogenic aerosol is being felt, the mean radius doesn't exceed 2,1 µm (Table 3 ). The maximum volume concentrations are observed in Manus and Rio-branco on December with the corresponding mean radius 7 µm and 5µm.
There is a wide variability of the main modes accumulation and coarse particles respectively with standard deviations 0.52 and 0.6. The accumulation mode seems more constant below 0,2 µm for all sites except Nauru where it reach 0,6µm. 
Conclusion and discussion
The equatorial zone is the largest land area, it represents more than a third of the area of the globe and more than half of the atmosphere (the troposphere width can reach more than 15 Km). The equatorial climate is the most dominant according to V. P. Köppen classification. The average rainfall is a key parameter for observation and definition of climatic variations in a given region. Recording continues spectral radiation flux and meteorological parameters at AERONET sites in the equatorial zone has allowed the characterization of this area by their different optical and microphysical parameters especially COD and AOD that are physically and statistically linked and enable better long-term assessment of climate variations.
The COD occurrence frequencies of the ten studied sites built on the same histogram ( Figure 8 ) that express also the apparition of different cloud types show the main observed clouds with more than 45% of occurrence for dense clouds (20≤COD≤100) whether Stratus Altostratus I and II according to F. Fell classification, and regular occurrence close 12% for all other clouds (COD˂20).
Monthly means of COD observed at Houston site show a very significant deviation from the values of the equatorial zone recorded in winter and autumn ( Figure 9) . A values rapprochement observed in summer and spring can be explained by the rise in average temperature. Out of the anthropogenic site monthly means of AOD are regular between 0,2 and 0,4 otherwise in large part they can reach1 and more. Those determined in Houston site show great variability between 0.15 and 0.45 ( Figure 10 ) this very significant difference with equatorial area results can be explained by the influence of anthropogenic aerosol From time series of COD and AOD we can observe regularity of the values recorded at Nauru s (Figure 11a ) located exactly on the equator compared to those observed on the Rio Branco (Figure 11b ) located at latitude 10S, where the combination of the influence of the chain of mountains of South America and the remoteness of the equator creates a relatively large gap both on the apparition of clouds and aerosols. Based on this study, attention, continuous records for long-term and fine analysis of these two parameters will allow elucidating their precise relationship, keeping in mind that the statistical approach is the more appropriate for such complex determination.
